This paper presents the study of the impact of vibration induced by the movement of the railway rolling stock on the Forum Gdańsk structure. This object is currently under construction and is located over the railway tracks in the vicinity of the Gdańsk Główny and Gdańsk Śródmieście railway stations. The analysis covers the influence of vibrations on the structure itself and on the people within. The in situ measurements on existing parts of the structure allow us to determine environmental excitations used for validation and verification of the derived FEM model. The numerical calculations made the estimates of the vibration amplitudes propagating throughout the whole structure possible.
INTRODUCTION
Construction of Forum Gdańsk began in 2015. This multifunctional urban complex is located in the centre of the city in the area of Targ Sienny and Targ Rakowy. Its most prominent part is located above the railway tracks between the Gdańsk Główny and Gdańsk Śródmieście railway stations.
The railway line serves both passengers and cargo and is characterized by high rail traffic. Due to the fact that the structure's foundations are in the vicinity of the railway tracks, the threat that vibration induced by the passage of trains would transfer to the structure and cause excessive oscillations of the object's structural members loomed [1] [2] [3] [4] [5] [6] . To prevent these complications, in the early stages of construction the design of the railway tracks was changed and under-ballast mats were used (see [7, 8] ); they were made of composite damping material which provided high vibration isolation. However, there was still no assurance that this solution would provide the desired results. The dynamic analysis and dynamic testing [9] [10] [11] based on procedures of structural dynamics [12, 13] answers the question whether the expected vibration transfer would threaten the structure itself or affect the comfort of those inside the building.
The study includes in situ measurements of vibration excitation in the standing parts of the structure, identification of representative vibration excitations, derivation of numerical models, simulations of the structure's response and assessment of induced vibrations on the structure and people. The computational part was divided into two stages; the first covered the dynamic analysis of a separated tunnel (foundations, walls, and slab), and the second included all buildings which are to be positioned above the tunnel and in its immediate vicinity.
STRUCTURE DESCRIPTION
Forum Gdańsk is planned to be a multifunctional urban complex located mainly over railway tracks (see, Fig. 1 ). The Forum Gdańsk buildings are going to consist the following facilities: a parking deck, a hotel, offices, and a shopping mall. The part of the structure which will be above the general vicinity of the tracks, has been analysed in detail with respect to the potential vibration transmission problems. 
IN SITU MEASUREMENTS
The aim of the experimental investigation was the measurement of vibrations (see [14] ) generated by a passing train. Accelerations were measured at one wall of the structure (Fig. 3) 30 cm above the ground. The location was selected so that strong dynamic impacts from train traffic could be recorded. One of the elements affecting measurement point selection was the location of the track junctions in the immediate vicinity of the chosen measurement points. The presence of rail switches may increase the dynamic effects on nearby structures. The total number of measurement points was 4 and the number of registered train passes was 30. Vibration signals were recorded by data acquisition system LMS SCADAS (Fig. 5a ) through the use of a three-axial accelerometer (Fig. 5b) . The applied sampling rate was 512 Hz. 
NUMERICAL SIMULATIONS
Dynamic simulations of the structural behaviour of Forum Gdańsk were carried out in a linearelastic range using the finite element method (FEM) [15] through the use of Sofistik software [16] .
The geometric parameters, material characteristics, and ground conditions were adopted on the basis of technical documentation provided by the project's architects. Analysis was carried out in two variants: as an object with buildings placed on the slab covering railway tracks, and as one The use of detailed computational FEM models allowed us to take into account spatial mass distribution and stiffness of the objects. Simulations were performed adequately with regard to the measurements. Ground vibrations were forced in three directions X, Y, and Z, using the measurement acceleration signals (kinematic load) recorded in situ. Calculations in the time domain were performed using the Newmark method, with a time step of 0.001 s taking into account Rayleigh's proportional damping.
INFLUENCE OF VIBRATION ON THE STRUCTURE
In order to identify the influence of vibrations on the structure of Forum Gdańsk, the method described in [17] was used. It is based on determining the dynamic coefficient, defined as the ratio of the maximum dynamic displacement to a static deflection. The problem is analysed via applying small vibrations caused by passing trains on the static deformation induced by permanent loads. The authoritative coefficient is assumed to be one which is calculated for the slab wherein extreme accelerations occur.
The highest values of the dynamic coefficient at the point of extreme accelerations and corresponding displacements were obtained for section No. 2. The results of static deformation and deflections from the equilibrium position due to train movement are shown in Fig. 8 . 
INFLUENCE OF VIBRATION ON PEOPLE
Evaluation and forecasts of the influence of vibrations on the people inside the buildings in question were performed based on acceleration signals from the FEM simulations [18] . Examples of calculated time histories are shown in Fig. 9 for both considered models (i.e. models with and without buildings placed on the slab). The root mean square (RMS) values of accelerations were analysed at the third-octave band and then compared against the limit values defined in the Polish standard [19] . Figure 10 shows the forecast of vibration influence. The curves denote acceptable levels of vibrations stated by coefficient n. It was found that in the case of the structure without additional buildings the requirements for human comfort are satisfied for both daytime and night hours, for objects such as offices (n ≤ 4). The value of the coefficient decreased after taking into account buildings placed on the slab. The analysis presented within this paper is as an example of successful cooperation between universities and industry. This case, along with others, may be found in [20, 21] . Wyznaczone wartości n wskazują, że ustrój w wersji bez zabudowy na płycie nakrywającej torowisko, spełnia warunki do przebywania ludzi, zarówno w dzień jak i w nocy w obiektach typu biura, urzędy itp. Dodatkowo oceniono, że uzyskane na podstawie symulacji wartości RMS dla pomieszczeń typu mieszkania, internaty itp., są spełnione w ciągu dnia i nieznacznie przekroczone w nocy. Ekstremalne wartości współczynnika n zmniejszają się znacznie po uwzględnieniu zabudowy. Stąd można postulować, że po zakończeniu wznoszenia Forum Gdańsk, drgania tam występujące będą w większości przypadków nieodczuwalne przez ludzi przebywających w nadbudowanych nad tunelem obiektach.
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Przeprowadzone badania na wznoszonym obiekcie Forum Gdańsk, uzupełnione symulacjami MES, wskazują, że odziaływania dynamiczne związane z ruchem kolejowym nie stanowią bezpośredniego zagrożenia dla bezpieczeństwa konstrukcji Forum Gdańsk, jak i dla ludzi w nim przebywających. Analiza danych pomiarowych in situ, występujących na poziomie fundamentów, wykazała, że istotne komponenty częstotliwościowe sygnałów przyspieszeń zawierają się w przedziale 10÷60 Hz. Wyznaczone wartości skuteczne przyspieszeń pionowych, w odpowiednich pasmach częstotliwościowych oznaczane z uwagi na ocenę komfortu wibracyjnego ludzi przebywających w obiekcie wskazują, że wszystkie funkcje użytkowe przewidziane dla Forum Gdańsk, zarówno bez zabudowy jak i z zabudową biurową, mogą zostać dopuszczone.
